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Implantable microelectronic devices for neural prosthesis 
require stimulation electrodes have minimal 
electrochemical damage to tissue or nerve from chronic 
stimulation. 
 
Electrodes which have a dielectric film such as TiO2, 
Ta2O5 and BaTiO3 are the most extensively studied 
material for capacitive stimulation electrodes [1-4]. 
Among them, anodically formed Tantalum Pentoxide 
appears the best dielectric material to use for stimulation 
in biological media [3]. 
 
In this work, Tantalum capacitive microelectrode arrays 
made of new higher density powders were further 
evaluated using various electrochemical techniques, such 
as cyclic voltammetry, electrochemical impedance 
spectroscopy and pulse stimulation. The Ta surface is 
anodized to form a layer of Tantalum Pentoxide (Ta2O5). 
The electrode properties at higher forming potential were 
investigated. The frequency dependence of Cdl is 
determined[5]. The methods to determine double layer 
capacitance of electrodes are compared. 
 
The injectable charge density of Ta2O5 is smaller than 
those of Faradaic electrodes.  However, its good surface 
layer stability and capacitive charge injection mechanism 
are advantages for chronic stimulation applications. 
 
 
Acknowledgements 
 
This work was supported by the National Institute of 
Health, under grant #1R24E412893-01.  The authors wish 
to thank Mark Abbott, Shaun Pendo, Irma Vasquez and 
Bill Vierow for their contributions to this work. 

 
References 
 
1.   D.L. Guyton and F.T. Hambrecht (1974) Theory and 
design of capacitor electrodes for chronic stimulation, 
Med. Biol. Eng., 9, 613-620. 
 
2.  L.S. Robblee and T.L. Rose (1990) Electrochemical 
guidelines for selection of protocols and electrode 
materials for neural stimulation, in Neural Prostheses 
fundamental studies, W.F. Agnew and D.B. McCreery, 
eds.,  pp 26-66. 
 
3.   T.L Rose, E.M Kelliher and L.S. Robblee (1985) 
Assessment of capacitor electrodes for intracortical neural 
stimulation, J Neuroscience Methods, 12, 181-193. 
 
4.   P.F. Johnson, J.J Bernstein, G. Hunter, W.W. Dawson 
and L.L. Hench (1977) An in vitro and in vivo analysis of 
anodized tantalum capacitive electrodes: corrosion 
response, physiology, and histology, J. Biomed. Mater. 
Res., 11, 637-656. 
 
5.  R. DeLevie (1967) Electrochemical response of porous 
and rough electrodes, in Advances in Electrochemistry 
and Electrochemical Engineering, Vol. 6,  pp329-397. 
 

 


